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In t he  previous paper of this  series,5 ion abundance da ta  w e r e  
demonstrated t o  yield useful informatian about the  s t ruc tures  of ions 
and transitia states i n  the  formation of acyl ions from subs t i t u t ed  
acylbenzenes: *or E-Y-C~H~-COR + Y-C6H4* + COR+. 
i d e a l  f o r  study, s ince  there are no a l te rna t ive  pathways f o r  the  
This simple case w a s  
formation of the acyl ion,  nor  i s  there a subst i tuent  e f f e c t  on fu r the r  
decomposition of this ion.  O f  a l l  the  Dossible routes f o r  formation 
of t h i s  ion (A )  from t h e  molecular ion (M) shown i n  t h e  generalized 
scheme (I), only the  process M + A  is  important as a formation route 
f o r  A, which then decomposes to various B. The present paper extends 
this technique t o  the  more complex system in which a p a r t i c u l a r  product 
Scheme I 
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,on ( A )  can be formed f’rom a particii lar precursor ion (M) by competing 
reaction paths (M -+ A and X --1/ Ii -> A ) .  To our knowledge no 
techniques f o r  t he  study of such a s i tua t ion  have been discussed 
previously; isotopic labe l l ing  w i l l  riot dist inguish these pathways, 
as both produce ions of iden t i ca l  formulas. 
5 A simple example of t h i s  s i tuzt ion was suggested t o  be the  inter- 
vention of a rearrangement or a loss of some f r n , , m n t  from the  molecular 
ion; i n  the  formation of acetyl i o n  from - m- and E-t,-butylacetophenone, 
pa r t  of the  acetyl  ian i s  proiiuced fron t h e  intermediate i n  which a 
methyl rad ica l  has been l o s t ,  as i n  scheme 11. 
Scheme I1 
A system more amenable to stuw by substi tuent e f fec ts  i s  the  formation 
of the  0 H 
pathways depicted i n  scheme I11 are probable. 
+ 
ion from subst i tuted benzophenone ions, f o r  which the  6 5  
Scheme I11 
(. - 4 -  
Absence of other  pathways involving the  subst i tuent  i n  the formation of 
the  benzoyl ion,  B, has'been demonstrated, as has the  subs t i tuent  
dependence of t he  rate kl. 
f o r m t i o n  of M fro= A is  t o  e l i z ina t e  one of the two petfiwqys. 
One way t o  s inp l i fy  the  study of t h e  
If one 
has a s u f f i c i e n t l y  higher energy requirement, it may be possible  t o  
remove t h i s  path by lawering the ionizing voltage. 
peaks by recording them at lar voltage; such techniques may be made  
quant i ta t ive  , so t h a t  ionizat ion potent ia ls  and appearance poten t ia l s  
may be determined f o r  e lectron impact processes. 879 
(8) F. E. F ie ld  and J. L. Franklin,  "Electron Impact Phenomena," 
Academic Press ,  Inc. ,  M e w  York, N.Y. ,  1957, p.  26. 
(9) R. W. Kiser, "Introduction t o  Y h s s  Spectrometry," Prentice-Hall, 
Inc. ,  Englewood C l i f f s ,  N . J . ,  1965, p.  162. 
The dis t inc t ion  i n  the present case i s  t h a t  the  in t e r f e r ing  fragment 
ion i s  i6en t i ca l  ( o r  a t  l e a s t  has the same elemental composition) as 
t he  fragment ion of lower e n e r a .  
The predicted subs t i tuent  e f fec t  f o r  t h e  two-step process M - - 3  W 
A is based on the  information t h a t  k1 i s  determined by t h e  H a m m e t t  
equation and t h a t  kll is  independent of subst i tuent .5  With t h e  steady- 
s t a t e  approximation, eqs 1 and 2 are wr i t ten  fo r  the r e l a t ions  governing 
2 
t he  concentrations of M, N, and A i n  t h e  ion source. If the  bombarding 
electron energy is su f f i c i en t ly  low so  t h a t  no ions appear below -- m/e  77 
i n  t h e  spectrum, then 1ka = 0 and lkln = kll f o r  our purposes. 
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I r respec t ive  of this, co&iri&-tim of t h e s e  equations yields eq 3 for  the 
r a t i o  of [A] t o  [MI, which is designated Z ,  the r a t i o  of the i n t e n s i t i e s  
of t h e  ions. The subs t i tuent  effect  on t h e  r a t i o  of i n t e n s i t i e s  is 
then t h e  same as t h e  e f f e c t  on kl, because a l l  the other rates are 
independent of subs t i tuent ;  but the subs t i tuent  effect on kl has been 
sham t o  be predicted by t h e  H a m m t t  e q u a t i ~ n , ~  so t h a t  f o r  t h e  two-  
step process, eq 4 holds. 
- -  Z - - -  k1 - e x p  (1.01a/2.3) 
'0 k! 
On the  other  hand, t h e  prediction of t he  s u b t i t u e n t  e f f e c t  on the  
assumption of only t h e  one-step process requires some argument. 
molecular ion I, an electran-withdrawing subs t i tuent  should weaken bond b 
In t h e  
- 
1- 1 1  
a b  
I 
c 
- 6 -  
0 -  
+ 
and produce more C H 
of the  addi t ional  bond and cross-conjugation of the carbonyl group 
between the  subs t i tuent  and t h e  react ion s i t e ,  the magnitude of the  
subs t i tuent  e f f e c t  would be qui te  small i n  conparism w i t h  the  e f f e c t  
on t h e  cleavage of bond a. I f  the Hamuett equation holds,  as it does 
f o r  the  cleavage of bond 8, the reaction constant p is  s m a l l  and pos i t ive ,  
and ea_ 5 is followed. 
ions than i n  t h e  parent conpound, but beczuse 6 5  
The re la t ion  of Z ra t ios  t o  rate constants under 
.A burs assumption follows d i r ec t ly  from eqs 6 and 7 ;  since t h e  denmiinator 
i s  constant f o r  all subs t i tuents ,  eq 8 yie lds  the  desired expression 
- e- ( p 0 / 2 . 3 ) - 1 .  Z k2 - - - -  - 0  ' 0  k2 
f o r  the  subs t i tuent  e f f e c t  on t h e  one-step process. 
The correlat ion of subst i tuent  e f f e c t  data recorded at an ,miz ing  
energy of 19 volts with Hammet t  sigma values is  shown i n  Figure 1. 
i s  apparent from the slope of t h e  l i n e  t h a t  the  two-step process,  not 
the d i r e c t  mechanism, appl ies ,  f o r t h e  subs t i tuent  e f f e c t s  are within 
It 
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+ Figure 1. Correlation of subst i tuent  e f fec ts  Dn t h e  fannation of C H 
ions from subs t i t u t ed  benzophenones at 19 vol t s  with Eammett sigma 
6 s  
10 constants.  The l i n e  i s  t h e  correlation l i n e  determined previously f o r  
benzophenones,5 with p = 1.01. I 
(10) Values t abula ted  by C.  D.  Ritchie and W .  F .  Sager, Proa. Phys . a. 
Chem., 5 ,  323 (1964) w e r e  used. 
~ - 
5 expe r imnta l  e r r o r  t o  those found for t he  production of benzoyl ion.  
Further,  t he  establishment of t he  two-step process as the  me of 
lower ac t iva t ion  energy i s  supported by m t a s t a b l e  ion formation. The 
"rcetastable" ion for t h e  loss of CO from benzoyl ion (calcd.  56.5, 
observed 56.5) i n  t h e  spec t r a  of t h e  compounds s tudied  i s  s t i l l  present 
at 19 vo l t s  and ind ica tes  t h a t  t h e  process N + A i s  s t i l l  important. 
There is no similar evidence t h a t  it i s  the  only process,  s ince  no 
metastable f o r  the  d i r e c t  formation of C6H5 
exists even at normal ionizing voltages; only t he  subs t l tuent  e f f e c t  
+ 
from t h e  molecular ion 
data  ind ica te  t h i s .  
Data at Nornial Ionizing Volta,Tes. - The k ine t i c  sc'nenie f o r  subs t i tuent  
e f f e c t s  a t  normal ionizing voltages i s  complicated by the dua l i ty  of 
origin of t he  C6H5 ion .  
while t he  rate of appearance of the benzoyl ion i s  s t i l l  given by eq 2. 
+ The r a t e  of i t s  appearance is  given by eq 9, 
Combining these expressions gives eq 10  f o r  t he  rate dependence of t he  
c -  - 8 -  
Incorporation of the  subst i tuent  dependence of kl and k2 (eqs 4 and 5 )  
permits wri t ing  of an equation r e l a t ing  subs t i tuent  constants t o  t h e  
expected behavior of the C H 
13 f o r  fu r the r  discussion. 
+ 
ion (eq 12 ) .  This i s  s impl i f ied  t o  eq 0 5  
The shape of the correlat ion l i n e  i s  therefore  
z = Aexp (1.01u/2.3) + Bexp (pa/2.3) 
zO 
(13) 
0 0  a Function of k 
severa l  cases are  i l l u s t r a t e d  i n  which one rho value i s  maintained equal 
t o  1. 
A and B, t he  observed r a t i o  ( w h i r 5  is t he  sua of t he  t w o  c m t r i b u t i m s  
represented by the  two l ines  belo% i t)  does not co rmla te  l i nea r ly  with 
Hammett subs t i tuent  constants,  bu t  curves instead.  
k2, kll, lkln a n d  both rho values.  I n  Figure 2, 
For su f f i c i en t ly  d i f fe ren t  rho values and s u f f i c i e n t l y  similar 
Figure 2. Hypothetical examples of eq 13: 
p = 0;  ( c ) ,  A = B, p = -1; ( a ) ,  A = 10B, p = 1; ( e )  A = 10B, p = 0 ;  ( f )  
A = 10B, p = -1. ?&e heavy l i n e s  are the sum of the contributions from 
the two l i g h t e r  l i n e s .  
( a ) ,  k = B, p = 1; (b), A = B, 
. 
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+ The r e l a t ive  i n t e n s i t i e s  of t h e  C H ion i o  the  mss spectrs. of 6 5  
2,lO subs t i tu ted  benzophenones a t  75 eV ~ a e  p lo t t ed  - vs Hammett sigma constants 
i n  Figure 3. 
+ Figure 3.  Correlation of su3st i tuted e f f ec t s  on the  formation of C 11 
ions from subs t i tu ted  benzaphenoaes a t  75 vol t s  with the  sum of predicted 
6 5  
contributions from two reaction pathways. 
An approximate f i t  t o  the  data may be obtained w i t h  the curved l i n e ,  
which i s  the logarithm of the  SLUE o f  the  Z/Z, values of the  two s t r a i g h t  
l i n e s  below it, and which resembles the C U ~ ~ T E  of Figure 2b. The slope 
of one l i n e  corresponds t o  the  value found f o r  t he  fornation of C H 
ion at  19 vo l t s ;  the other has a slopc of approximately zero and 
corresponds t o  the  d i r ec t  formation of t he  C H f ron  the  molecular 
ion.  As expected, t he  small slope of  the l a t t e r  r e f l ec t s  the very 
slight influence of subs t i tuents  on t he  s t rength of t he  bond being 
broken i n  the  d i r ec t  process, because of the  intervention of cross 
conjugation. By comparison t o  Figure 2b again, thc  coeff ic ients  A and 
B are  nearly the same; a graphical solut ion y ie lds  the r e l a t ion  A = 
1.2B. The chief product of' decomposition of C H CO i s  log ica l ly  
C6H5 , so t h a t  klf accounts f o r  most of 1kh; a conservative lower l i m i t  
i s  50%. 
0 0  
k /k 1 2  
groups, the preponderance of the product i s  formed by the one-step 
process. On t h e  other hand, fo r  compounds w i t h  electron-withdrwing 
subs t i tuents ,  formation of benzayl ion from the molecular ion is so  
grea t ly  accelerated t h a t  t he  two-step process overwhelm t h e  one-step 
process. 
+ 
6 5  
+ 
6 5  
4- 
6 5  
+ 
I f  lktinst is small compared t o  Ikh, it follows t h a t  1.2 c 
< 2.4 at  75 vo l t s .  I n  compounds subs t i tu ted  by electron-donating 
. 
. 
i 
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Deviations of subst i tuents  f r o m  solution behavior. - Certain subst i tuents  
were proposed t o  have undergone s t ruc tu ra l  rearrangements i n  discussion 
of t h e  correlat ion of benzoyl iori i n t e n s i t i e s  ;5 becmsc they deviated 
markedly from the  correlat ion l i n i  fo3;nd t o  pred ic t  t h s  e f f s c t s  of most 
subs t i tuents  on th i s  react ion.  A simple t e s t  of the spp l i cab i l i t y  of 
similar reasoning t o  t h e  present c a s e  involves t h e  c o r r e l a t i m  of t h e  
ata f'or C6E5 + with those for c E co+. 1 *l?---+--+ g re .i i . u u u L a u e S  t h e  6 5  
improvement i n  correlat ion a n t i c i p t e d  f o r  such a p lo t  cver the corre- 
l a t i o n  i n  Figure 3. The conclusion i s  that  subst i tuents  exer t  the  s- 
+ + 
Figure 4. Correlation of the formation of C6Hs and C6H5C0 ions f r o m  
subs ti tu t ed  benzophenones . 
e f f e c t  i n  both reactions:  most are not detectably d i f f e ren t  i n  s t ruc tu re  
frca vhat they are i n  solution. me devizticns of t h e  n i t r o  and cyano 
subst i tuents  i n  Figure 3 parallel those e f fec ts  found on the  rate of 
formation of benzoyl ion; t he  ca7asistr again may be a g a r t i a l  isomerization 
of t h e  molecular ion t o  a similar extent .  
Just as no other  contr ibut ims t o  t he  formation of benzoyl ion 
5 fro= other pathwap w e r e  detected 33- subst i tuent  e f f ec t s ,  
may be deduced t h a t  the contributions of other patnmys f o r  individual  
subst i tuents  t o  the  formati02 of C H, are  not la rge ,  f o r  they are 
s igni f icant  only t o  t h e  extent cf deviation of i nd i r idxa l  points from 
the  correlat ion l i n e  of Figure h. 
gives much more C H 
noted t o  y i e l d  anomalous subst i tuent  e f fec ts :  
so a l so  it 
4- 
6 >  
Only the  pmethoxy subst i tuent  
+ thaQ i s  predicted. This subs t i tuent  has been 6 5  
i n  the  formation of 
. 
. -  - 11 - 
i 
I 
subs t i t u t ed  C ions from subst i tuted toluenes,  t he  pmethoxy subs t i tuent  
appears t o  prevent skeletal rearrangement, i n  contrast t o  the  other 
subs t i tuents  examined. Thk cause! of t h i s  bc-havior has been suggested 
as loca l iza t ion  of charge on t h ~  sjcygez; establishment of  an a l t e rna te  
react ion s i t e  woud therefore  provide an addi t ional  soiirce of C 11 
ion .  
7 
6 
+ 
6 5  
+ The process involving the  intemediacy of CH OC H (Scheme IV) 3 6 4  
~H30c6H~coc~H/ CH30C~H: -> c6H5 + 
107 77 
Scheme I V  
i s  supported by a metastable ( c d c d .  55.4, found 5 5 . 5 ) .  
of a metastable does not ru le  out other pathways, nor ind ica te  the  
The existence 
importmce of  t h i s  route  relative t o  other p o s s i b i l i t i e s .  
tuent  e f f ec t  can do these, however. 
V I )  Ere a l so  analogous t o  t h e  expulsicn of the  elernellts of formaldehyde 
from anisole,U but these  should have given r i se  t o  abnormal amounts 
The subst i -  
Other routes ( e . g . ,  - Schemes V and 
__- 
(11) C. S .  Barnes and J .  L. O c c o l w i t z ,  A u s t r a l .  J. Chem., 16, 219 
,w 
( 1963 ) . 
--_---- 
Scheme V I  
of c H CO+ as w e n .  6 5  
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Since there  i s  no abnormal mcunt of benzoyl ior, detected i n  p- - 
methoxybenzophcnone ,5 these a l t e rna t s  pathways a re  co t  important. The 
excess C H from pathway I V  a o u m s  t o  1.1 tiroes that. from t h e  direct 
process, according t o  t h i s  reasoning. 
Other Sys tem.  - The app l i cab i l i t y  of t h k  a;Frosch t o  study ions a r i s i n g  
from several sources i n  other  sets of coqounds i s  illustrated by t h e  
+ 
6 5  
=,&-&si5 of $fie inteiisit- of the 13 + ion  in the  D&SS spectra of 3 7  
subs t i t u t ed  - n-butyrophenones . (Figure 5 ) .  Although t h c  data poin ts  
+ Figure 5 .  Correlation of t h e  r e l a t ive  i n t e n s i t i e s  of C H ions i n  t he  
3 7  
mass spec t ra  of subs t i t u t ed  E-butyrophenones with H m e t t  sigma constants. 10 
are somewfiat sca t te red ,  the  same charac te r i s t ics  arc observed: the  
apparent decreese i n  the  e f f e c t  of elcctron-donating subs t i tuents  on 
t h e  i n t e n s i t y  of t h e  product produces a curve ind ica t ing  a similar 
mechanism of formation t o  t h a t  f o r t h e  C H, 
The cor re la t ion  of C H 
cant s c a t t e r  i n  it, probably related t o  thz surpr i s ing ly  low i n t e n s i t y  
of t h e  C H CI) 3 1  
a l t e r n a t e  structirres connects? v i t h  rearrmgezents  . 
+ 
ion ic t h e  benzophenones. 6 ,  
+ i- to C H CO i s  no t  hn2icated; there  is s i g n i f i -  3 7  3 7  
+ 
ion i n  these  spectra,  and t,o poss ib lc  contr ibut ions from 
12 
The per t inen t  
~- _ _  ~~ 
scheme i s  given i n  I X .  Since t h e b t r t g r y l i a  is s c  weak (2% of molecular- 
ion i n t e n s i t y  i n  n-butyrophenons ) ; k i s  eFparent1y l a rge ;  t h e  product 11 - 
possesses espec ia l  s t a b i l i t y  and may be cationated cyclopropane. 13 
. 
. -  - 13 - 
1 -4 products 
IX 
(13) P. N. Fiylander and S. XeyersoE, J .  &- Chem. SOC., 78, 5799 (1956). 
%% 
Because both processes are important i n  determining the  in t ens i ty  of 
C3H7 i n  n-butyrophenme, - we my use these da ta  fron the  nore in tense  
C3H7 
much weaker - n-butyryl ion exclusive of rearrangement products which 
+ 
+ t o  comment GE %he subst i tuent  dependence of %he formation of t h e  
may obscure i t s  true subs t i tuent  dependence; and by analysis  of t h e  
r e l a t i v ?  contr ibut ions of t h e  two pathways, t he  r e l a t i v e  importance of 
k and k2 may be assessed. Thus, f o r  d i r ec t  formation of C H from 
subs t i t u t ed  butyrophenones , rh2 c q d s  0 , and f o r  t h e  formation of 
+ 
1 3 7  
0 0 
butyry l  ion,  rho equals 1.8, a d  kl = 3.2 k2 i f  k = 0.50 lkh  end 11 
Al te rna te l j ,  t h e  problez n f  t k  lover energy path ia the  in t e r -  
vention of dscomposition of the - t - b u t y l  subs t i tuent  i n  Scheme I1 is  
easily solved. Elimination of t.he two-step process a t  low voltage 
induces a re turn  of t h e  subst i tuent  e f f e c t  t o  i t s  corrnal so lu t ion  
value; elimination of the  one-step pathway would OCCL” simultaneously 
i n  the  subs t i t u t ed  compound anc 6cztophenone i t se l f ,  so  t h a t  t h e  Z/Z, 
value would increase as the  ionizing voltage i s  lowered. The data  i n  
Table I support t he  la t ter  a l t e rna t ive .  
- 14 - . -  
Table I 
Y u value l e g  z/z, zt 75 vol t s  log Z/Z, at  16.3 v o l t s  1 4  - 
0.72 
0.69 
1.02 
0-97  
(14) Values tabulated by D. 11. 14cDhniel aad R. C .  Brown, J. a. Chem., 
Q, 420 (1958). 
Application of Substi tuent Ef fec ts  t o  Appearance Fotent ia l  Studies .  - 
The d i f f e ren t  character of t h e  subs t i tuent  p r o f i i e  3f more complex 
reac t ions  near t he  appearance potenti a1 of t h e  product raises comment 
on t h e  in t e rp re t a t ion  of appearance p o t e n t i a l  data  f o r  ions f o r  which 
a mul t ip l i c i ty  of  modes of formation i s  possible .  &my methods of 
ca l cu la t ing  appearance po ten t i a l s  c a l l  f o r  determinaticn of f r a c t i o n a l  
i n t e n s i t i e s ,  G. 
voltage.' 
work ind ica tes  t h a t  it c2n l e a d  ti? i ' rrcr.  
i n t e n s i t i e s  r e l a t i v e  t,o the  i n t e n s i t y  a t  some higher 
This i s  admittedly an a r b i t m r y  process, and t he  present 
l.5 + 
' i3e i n t w s i t y  of C H 6 5  - 
(15) For an a l t e rna te  rehsoli f o r  ei-r'or -- 2 higli-voltage decomposition 
leading t c  depletion of  t h e  mcleculzr ic?i -- see C.  LifscMtz and F. A. 
Long, J- mea. Phys., $, 2468 (1964). 
i n  paminobenzophenone at 13 vol t s  is  abGGt 1..5% of i t s  value at 75 
v o l t s  3 but only about 10% of  t h e  i n t ens i ty  a t  normal ion iz ing  voltage 
i s  from a process k i n e t i c a l l y  s ign i f icant  n sa r  the appearance p o t e n t i a l ,  
according t o  our in t e rp re t a t ion .  Thus the value at 19 v o l t s  i s  more 
/ 
*' 
ri 
I - 15 - 
~ 
properly 15% of i t s  relevant  i n k n s i t y  at 75 r c l t s .  If these data were 
t o  be c o q a r c d  with those f o r  ~ - n i t i . ~ b e n ~ ; o ~ 1 ; e i i ~ n ~ ,  wherr &out 90% of 
t h e  7fi-volt v d u e  i s  a t t r ibu tEble  t? tlic? precess mewised a t  low voltage, 
an e r r o r  of several  tenths  of m G.V. in thi. difference between the 
appearance poten t ia l s  of' L' %: ir, th; t w c  cases trnuid r e s u l t  f r o m  
f a i l u r e  t o  r e c o e i z e  the  k ine t i c  complexity of the high-voltage process 
4- 
6 5  
of f ama t ion .  In  processes where subst i tuent  e f f ec t s  are demonstrable, 
it appears advisable t o  make similar s tudies  of processes which may 
arise by severa l  routes and t o  conkine these date. with r a w  appearance 
p o t e n t i a l  deta before comparison of r e s u l t s .  
Conclusions. - Subst i tuent  e f f ec t s  nay be used t o  de tec t  and evaluate 
two routes  of formation f o r  a par t icu lar  ion,  i f  the c f f ec t s . a r e  suffi- 
c i en t ly  d i f f e ren t ;  and t h i r d  processes may be detccted f x  a pa r t i cu la r  
der ivat ive by the  deviation from the expected subs t i tuent  behavior. 
Analysis of complex curves leads t o  evaluation of relative magnitudes 
of competing rates of decomposition f o r  the  rnolecultir ion.  Subst i tuent  
dependences cf these  rates S C ~ T T ,  t o  be pred ic ted  by the  usual arguments 
r e l z t i v e  t,? in te rpos i t ion  c?f  reszneting g r o q s  t o  determine rho values,  
a i d  Emmett subs t i tuent  constmts  s p e a r  to be generaliy usefiil i n  
such enalyses. Even f o r  such c~q-lex competing rezctions rho values and 
r e l a t i v e  base rate cons tmts  m y  bc: co l lec ted  f o r  analysis  of unre- 
solved s y s t e z .  Such s tudies  cn more complex s y s t e m  w i l l  be continued 
i n  t h i s  series. 
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ExperiEental Section 
Samples. were e i t h e r  c o m m c i a l  samples o r  g i f t s ,  and d id  not  
contain any i q u r i t i e s  d e t c c t a 5 k  Sy wss  spectrometry. 
Spectra  w e r e  recorded a t  L=.ast i n  dupiiccze on E? Hitachi RMU-6A 
single-focusing instrument w i t h  i n l e t  a t  185' 2 5 O  C znd source at 
160 + - 10' C. Ionizing current for high-voltage spec t ra  w a s  80 PA; 
e lec t ron  energy w a s  75 vo i t s .  
The lov voltage spec t r r  of the benzophEnon3s w3re recorded under 
similm temperature con&tions, with repe l le rs  t i e d  8,t 1 .5  vo l t s  and 
t r a p  cllrrent at 2 uA. The voltage was standardized against  an AT 
sample; it was adjusted u n t i l  the  in t ens i ty  of t h e  A r  
i t s  value a t  48 vo l t s  ( m e x  voltage on low-voltage s c a l e )  and the  e n t i r e  
+ ion was 10% of 
spectrum w a s  recorded. Although i t  is subject ive t o  choose a point  of 
departure f o r  voltages based on pea4 i n t e n s i t i e s  of e s tmdard ,  the 10% 
value f o r  fir 
+ 
occurs 3.2 vo l t s  higher than i ts  1% value, which was 
16,17 a r b i t r s r i l y  taken as 15.6 vc l t s  , the l i terature z-ppearznce poten t ia l .  
(16) W .  Blezkney, Phys. - Rev., 22, 1303 (1930). 
(17) R. E. Honig, - -  J. Chem. Phys., &L, 105 (1948). 
Data f o r  the  acetophenones wezereccrdcd e t  e. voltGge st which t h e  
in t ens i ty  of t h e  %/e- 43 ion of acetophenone w z s  equal t o  4% of i t s  
value at 75 vo l t s ;  t h i s  value w a s  2.6 vo l t s  zbcve the  energy a t  which 
t h e  -- m/e 43 ion is  1% of i t s  high-vcltage value. The voltage f o r  t he  1% 
value agein w a s  a r b i t r a r i l y  taken t o  equal the  l i t e r e t u r e  appearance 
po ten t i a l ,  13.7 v o l t s .  Data for various compounds were compared after 18 
a -  
- 17 - 
(18) J. R .  Majer, C.  €3. Patr ick,  a d  J. C .  Hobb, T r u l s .  Faraday S O C . ,  - x, 1 4  (1961). 
standardizat ion against t he  r z l a t i v e  intensity of the C,C1, + ion of 
d 3  
te t rachloroethylene,  which attains 20% of i t s  in t ens i ty  at. 75 vol t s  at 
t h i s  voltage. 
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